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Abstract
PURPOSE—We evaluated the contributions of birth weight and current body mass index (BMI)
to racial/ethnic disparities in systolic blood pressure (SBP) in the U.S.
METHODS—Participants were 10,046 young adults (ages 24 – 32) in the National Longitudinal
Study of Adolescent Health (Add Health). SBP, BMI, and other contemporaneous factors were
assessed at Wave IV (2007–2008); birth weight and other early life factors were reported at Wave
I (1994–1995). Data were analyzed using sex- and race-stratified multivariable regression models.
RESULTS—Racial/ethnic disparities in SBP were limited to Black and White females. The
Black-White female disparity in SBP was 3.36 mmHg and was partially explained by current BMI
but not birth weight. Associations between birth weight and SBP were limited to males, in whom
we found a decrease of 1.05 mmHg in SBP per 1 kg increase in birth weight (95% CI: −1.90,
−0.20). This inverse relationship strengthened after adjusting for BMI and other factors, and was
strongest among Black and White males. A significant association between BMI and SBP was
found in all racial/ethnic and sex subgroups.
CONCLUSION—In this U.S. national cohort, birth weight is negatively associated with SBP
among Black and White young adult males.
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As the leading cause of cardiovascular disease (CVD), hypertension is a major contributor to
morbidity and premature mortality in the United States (1–3). Although efforts to understand
the causes of hypertension have largely focused on proximal risks (4–7), interest in the
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contribution of early life factors, especially birth weight, has grown (8–12). Much of this
interest can be traced to the fetal origins hypothesis, which suggests that fetal under-
nutrition, for which low birth weight is a marker, may permanently program the body in
ways that ultimately increase adult CVD risk (13–16).
Few studies of the fetal origins hypothesis using U.S. samples have been published. In
addition, one important implication of the fetal origins hypothesis—that racial/ethnic
disparities in birth weight may contribute to disparities in CVD—remains under-investigated
(17). This gap is especially obvious in the U.S., where rates of both low birth weight and
hypertension are significantly higher among Blacks than among Whites, Latinos, and Asians
(18–23), and where our understanding of the determinants of these disparities remains
incomplete.
We evaluated the fetal origins hypothesis in a large, diverse, and nationally representative
U.S. sample, and extended our analysis beyond the Black/White comparisons of other U.S.
studies (24) by including Mexican-Origin Latinos and Asian/Pacific Islanders. Our analysis
also evaluated the impact of current body mass index (BMI), which appears to play an
important but etiologically uncertain role in the birth weight-blood pressure relationship (8,
25, 26). Finally, we stratified all models by sex, given evidence that the strength and shape
of the association between birth weight and SBP differs between females and males (27). In
all analyses, we focused on SBP because it is known to be a more clinically significant and
reliably measured risk factor for CVD than diastolic blood pressure (DBP) (8, 28).
METHODS
Study population
This study used data from Waves I and IV of the National Longitudinal Study of Adolescent
Health (Add Health), a study of a nationally representative sample of U.S. adolescents in
grades 7 through 12 during the 1994–95 school year followed into adulthood.
Approximately 90,000 adolescents completed an in-school questionnaire when the study
began. From April to December of 1995 (Wave I), in-home interviews with 20,745 of those
adolescents were completed (79% response rate). At Wave I, a parent also completed an
interviewer-assisted questionnaire. At Wave IV (2007–2008), trained interviewers
completed follow-up in-home interviews and collected cardiovascular and anthropometric
measures from 15,701 of the Wave I respondents, now ages 24–32 years (80% response
rate). Written parental/guardian consent and adolescent assent were obtained prior to the
Wave I interview. At Wave IV, written consent was obtained from all respondents. A
complete description of the Add Health study design is available elsewhere (29).
We restricted the analysis sample to non-Hispanic Whites, non-Hispanic Blacks, Mexican-
Origin Latinos, and Asian/Pacific Islanders. Respondents in racial groups and Latino
subgroups with insufficient numbers for analysis (n=1,920) or who did not report their race/
ethnicity (n=49) were excluded. We then excluded respondents sequentially if they met or
were missing values for our remaining exclusion criteria, which were based on empirical
evidence of their association with birth weight, BMI, and/or SBP—i.e., if they were a
product of a multifetal pregnancy (n=1,485), were obese and taking oral contraceptives
(n=530) (3), were pregnant (n=371), refused blood pressure measurement (n=288), or had
their blood pressure measured with an undersized cuff (n=111). A total of 10,046
respondents (5,091 males and 4,955 females) were retained in our analysis sample.
Measures
Respondent’s SBP was constructed from the average of the second and third of three serial
blood pressure measurements in millimeters of mercury (mmHg) on the day of the Wave IV
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interview. The measurements were obtained at 30-second intervals from a resting, seated
position using a Microlife oscillometric blood pressure monitor (MicroLife USA, Inc.;
Dunedin, FL) (30), and have been shown to be accurate and reliable (31). To adjust for
hypertension treatment effects, we applied a previously validated strategy of adding 10
mmHg to the SBPs of respondents identified as antihypertensive medication users (n=340)
(32, 33).
Respondent’s birth weight was determined from parent’s (typically mother’s) report in the
Wave I parent interview and converted from pounds and ounces to grams, making it
consistent with clinical measurements of birth weight (34). Multiple validation studies have
concluded that maternal recall of birth weight is sufficiently accurate to support
epidemiological investigations (35–39). To reduce deductive disclosure risk, which is a
particular concern for Add Health given its clustered research design and data on highly
sensitive topics, birth weights were top- and bottom-coded at ≥12 pounds and <4 pounds,
respectively (impacting <5% of respondents).
Respondent’s race/ethnicity was determined from his/her Wave I answers to the questions:
“What is your race?”, “Are you Hispanic or Latino(a)?”, and “What is your Hispanic/Latino
background?”, and classified as Non-Hispanic White, Mexican-Origin Latino, Non-Hispanic
Black, and Asian/Pacific Islander.
Respondent’s current BMI was calculated from measurements of his/her height and weight
on the day of the Wave IV interview using the formula: BMI = [weight in kilograms/(height
in meters)2]. Height was assessed to the nearest 0.5 cm with a steel tape measure, while
weight was assessed to the nearest 0.1 kg using a digital bathroom scale (Jarden
Corporation; Rye, NY) (30).
Respondent’s age, education, smoking behavior, alcohol consumption, and physical activity
at Wave IV, as well as his/her nativity, mother’s education, and mother’s smoking behavior
at Wave I, were treated as potential confounders. (See Table 1 for values and categories of
these variables).
Statistical analysis
Univariate and bivariate analyses were performed to examine overall, sex-specific, and race-
specific distributions of key variables. We used linear regression to assess the crude
associations between race/ethnicity and SBP, and between birth weight and SBP. Multiple
linear regression analysis was used to evaluate whether adjusting for current BMI altered the
association between birth weight and SBP, to determine whether adjusting for birth weight
and current BMI attenuated the association between race/ethnicity and SBP, and to adjust
for potential confounders. We also estimated those models with an interaction term for birth
weight and current BMI included. We stratified the sample by race/ethnicity and re-
estimated the fully adjusted models separately to determine the extent of racial/ethnic
differences in the effect of birth weight (and current BMI) on SBP. We then re-estimated all
previously described models, stratified by sex, to highlight both sex-specific and race*sex-
specific effects.
With the exception of race/ethnicity, age, sex, and SBP, missing values on covariates were
imputed using multiple imputation. Our results and conclusions were not sensitive to the use
of imputed versus original data, or to the retention versus exclusion of individuals receiving
antihypertensive therapy. Thus, we report findings based on imputed data including
medication users here. All analyses were conducted in Stata Version 11 (StataCorp, College
Station, TX) and accounted for the Add Health complex survey design.
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Descriptive statistics for the study population are shown in Table 1. Average birth weight,
SBP, BMI, and age were 3.36 kg (SE = 0.01), 125.6 mmHg (SE = 0.22), 28.4 kg/m2 (SE =
0.12) and 28.8 years old (SE = 0.12), respectively. Non-Hispanic Black, Mexican-Origin,
and Asian/Pacific Islander participants accounted for approximately 16%, 8%, and 3% of
the study population, respectively. The majority of participants (89%) were U.S.-born to
U.S.-born parents. About one-third of respondents indicated that their biological mother
smoked and 20% reported that their mother obtained a GED or did not complete high
school. About one quarter of respondents reported being daily smokers, while less than 3%
were heavy drinkers. On average, respondents reported 6.5 bouts of physical activity per
week (SE = 0.09) and 12% indicated that they obtained a GED or did not complete high
school. Roughly 3.5% of participants were antihypertensive medication users. (See
supplemental table for information about the race/ethnicity and birth weight distribution of
medication users).
The distributions of race/ethnicity, nativity, age, antihypertensive medication use, mother’s
smoking behavior, and mother’s education were similar for females and males. In addition,
average BMI among females (M = 28.1 kg/m2, SE = 0.19) and males (M = 28.7 kg/m2, SE =
0.13) was similar and met the consensus criterion for overweight. However, sex differences
were apparent for birth weight, SBP, and other contemporaneous conditions. Mean birth
weight among females (M = 3.30, SE = 0.02) was lower than that of males (M = 3.41, SE =
0.01). Mean SBP for females hit the 120 mmHg threshold for prehypertension (40), while
mean SBP for males exceeded this value (M = 130.2 mmHg, SE = 0.29). Males also were
more likely than females to report being daily smokers, heavy drinkers, having a high school
diploma or less, and engaging in physical activity.
Racial/ethnic and sex disparities in birth weight, BMI, and SBP are described in Table 2.
Among females, Blacks were the only racial/ethnic-sex group with a mean SBP that was
significantly higher than Whites (by 3.3 mmHg). This suggests that Black females were
largely responsible for driving the overall mean SBP for females upward. Compared to
White females, Black and Mexican-Origin females had significantly higher average BMIs
(by 3.3 kg/m2 and 2.0 kg/m2, respectively), while Asian/Pacific Islanders had a significantly
lower average BMI (by 2.8 kg/m2). The latter group also had a significantly lower average
birth weight than White females (by 0.18 kg). No racial/ethnic disparities in SBP were
apparent among males. However, males in all non-White racial/ethnic groups were
significantly lighter than Whites at birth (by 0.11 to 0.27 kg), and Mexican-Origin Latinos
had a significantly higher mean BMI than White males (by 1.6 kg/m2). Birth weight and
BMI were correlated only among Black females and White males (r =0.14, p <.01 and r =
0.05, p <.05, respectively; data not shown).
Table 3 summarizes the simple and adjusted associations between birth weight and SBP, as
well as the role of BMI, stratified by sex. In the simple, unadjusted model (Model 1), a 1 kg
increase in birth weight was associated with a statistically significant decrease in SBP
(−1.05 mmHg/kg; 95% CI: −1.90, −0.20) among males, but not among females. No
interaction between birth weight and BMI was detected (p > 0.05; results not shown). Thus,
in Model 2, we adjusted for BMI and found that the inverse relationship between birth
weight and SBP among males strengthened (−1.37 mmHg/kg; 95% CI: −2.20, −0.54).
Adding controls for early life characteristics in Model 3 and contemporaneous conditions in
Model 4 further strengthened the relationship. Across Models 2 through 4 and for both
males and females, BMI had a strong positive and statistically significant relationship with
SBP relative to other characteristics (0.6 mmHg per 1 kg/m2 increase in BMI).
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Table 4 presents the results of sex-specific regression models of the relationship between
race/ethnicity and SBP. In Model 1, we found that Black females had SBPs that were
significantly higher (on average) than those of White females (by 3.36 mmHg) and Asian/
Pacific Islander females (by 5.88 mmHg). Females in other racial/ethnic groups and males in
all non-White racial/ethnic groups did not have SBPs that were significantly different from
Whites. Adding birth weight to the model (Model 2) did not impact the results for males or
females substantially. However, when BMI was introduced (Model 3), the magnitude of the
regression estimate for Black females was attenuated by 2.18 mmHg and was no longer
statistically significant. In contrast, the estimate for Mexican-Origin females increased in
magnitude and became significant. Specifically, they had SBPs that were 2.18 mmHg lower
on average (95% CI: −3.69, −0.67) than those of White females when birth weight and BMI
were held constant. This inverse relationship remained, albeit without statistical
significance, when respondent’s nativity and mother’s educational attainment and smoking
status were held constant in Model 4 and when we further adjusted for contemporaneous
conditions in Model 5.
Because these pooled sample results have the potential to mask important racial/ethnic
differences in covariate effects, we re-estimated the fully adjusted model (Table 4, Model 5)
separately for each racial/ethnic group. As Table 5 shows, the statistically significant
negative effect of birth weight on SBP we found for males overall did not hold in all racial/
ethnic groups: the birth weight effect on SBP was significant only among Black (−2.43
mmHg/kg; 95% CI: −4.21, −0.65) and White (−1.45 mmHg/kg; 95% CI: −2.47, −0.42)
males. Table 5 also reveals differences in the magnitude of the effect of BMI on SBP across
racial/ethnic groups, with the strongest associations among Asian/Pacific Islanders. When
we evaluated effect modification by race/ethnicity using interaction terms (results not
shown), we found that the association between BMI and SBP was significantly stronger for
Asian/Pacific Islander males (1.01 mmHg/kg/m2; 95% CI: 0.62, 1.39) than for White males
(0.54 mmHg/kg/m2; 95% CI: 0.43, 0.65).
DISCUSSION
Three major aims motivated this study. First, we sought to evaluate the fetal origins
hypothesis by estimating simple and adjusted associations between birth weight and SBP
overall and by sex. We found a small but statistically significant unadjusted association
between birth weight and SBP in males, similar in magnitude to prior estimates (12, 27). We
did not find this association in females, however. Together, these findings are consistent
with the thesis that male fetuses may be more vulnerable to fetal programming of CVD than
females (41), but not with recent meta-analyses that either found no evidence of sex
differences (42) or a stronger association among females (27).
Another aim of our study was to contribute to the debate about the role of current body size
in the relationship between birth weight and SBP. We found that adjusting for current BMI
strengthened the association between birth weight and SBP among males. This amplification
is a common finding (27, 43) for which three possible explanations have been offered: 1)
BMI suppresses the true relationship between birth weight and SBP; 2) net of current BMI,
birth weight measures the impact of post-natal growth on SBP; and 3) controlling for BMI
confounds the relationship between birth weight and SBP if it functions as a mediator and
shares unmeasured causes with SBP (44). Alternatively, some researchers have suggested
that BMI modifies the impact of birth weight on SBP, due to evidence that risk is
concentrated in those who were small at birth but large as adults (8). However, in the pooled
sample and across all 14 race/ethnicity, sex, and race/ethnicity-sex subpopulations, we found
little support for this assertion.
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Third, we examined the contribution of birth weight to disparities in young adult SBP. We
found that mean SBP among Blacks was significantly higher than among Whites and Asian/
Pacific Islanders and, as found in the CARDIA (45) and NHANES samples (31), these
disparities were largely limited to females. If racial/ethnic differentials in birth weight
explain disparities in SBP, then controlling for birth weight should have attenuated or
completely eliminated these gaps. Yet we did not find this result.
Like other recent studies (46), a significant positive association between current BMI and
SBP was one of our most consistent findings. BMI also appeared to play a key role in the
emergence of disparities in SBP. Adjusting for current BMI reduced the Black-White SBP
gap by 64% in the female sample, and more than doubled the SBP advantage that Mexican-
Origin females enjoy over White females. The latter finding is a novel one that merits
further investigation.
Strengths and Limitations
This study focused on the relationship between birth weight and SBP in young adulthood,
which is a critical period of the life course during which blood pressure disparities are
known to increase (45). It is the first study of the fetal origins of blood pressure to estimate
the impact of birth weight on racial/ethnic disparities in SBP including the two fastest
growing racial/ethnic groups in the U.S.—i.e., Mexican-Origin Latinos and Asian/Pacific
Islanders (47), although our sample size for the latter group was small relative to the other
groups. By utilizing a large, diverse, and nationally representative sample, this study has
greater generalizability and statistical power than previous U.S. investigations that have
relied on much smaller, regional samples (24, 48). Furthermore, Add Health’s prospective
cohort design and exceptional breadth of available measures, including measured SBP and
an extensive set of socio-demographic and behavioral measures, afforded us the opportunity
to include in our models a more complete set of prospectively measured potential
confounders than has typically been included.
An important limitation—shared by most fetal programming studies—pertains to the
adequacy of our pre- and post-natal measures. While studies have demonstrated the validity
of maternal recall of infant birth weight (35–39), the measurement error associated with this
measure relative to medical records may attenuate estimated relationships between birth
weight and SBP (49, 50). Birth weight also has been considered a poor proxy for the fetal
environment (8, 51), and our measures of maternal education and maternal smoking were
rough proxies, given the time lag between respondent’s birth and the Wave I interview.
However, we did not have other measures, such as infant gestational age, prenatal diet, or
prenatal blood pressure. We also were unable to include information about postnatal growth
during early childhood, another factor implicated in the development of adult disease (8, 52,
53). Nevertheless, our study was justified by previous evidence that birth weight impacts
blood pressure independent of postnatal growth (54, 55).
Conclusion
Although we found support for the fetal programming of SBP only among males (especially
Black and White males) in this young adult sample, we consider this finding important in
light of the emergence of dramatic gender differences in CVD risk during adolescence (56).
In addition, our estimated effect size may be conservative if the error associated with
maternal recall of infant birth weight attenuated it. It also may be conservative if the
relationship between birth weight and SBP increases with age, as some studies have
suggested (27, 49, 57). Similarly, given evidence that racial/ethnic differences in SBP grow
with age (45), the small disparities in this young adult cohort may still be important.
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Our results suggest that contemporaneous factors (especially BMI) also are key predictors
of, and contributors to racial/ethnic disparities in, young adult SBP. This finding is
important given that our study cohort came of age during the obesity epidemic, and is
consistent with past studies identifying obesity as a key determinant of racial/ethnic
disparities in blood pressure (45). It is also possible, however, that our contemporaneous
measures are actually capturing the cumulative impact of life course exposures. Future
studies to test this possibility, as well as the pathways linking early life factors and life
course exposures to young adult CVD risk, are needed. Such studies, especially when
conducted with large, diverse, and nationally representative samples, are important for
determining the most appropriate timing and targets for intervention. Although the Add
Health Wave IV cohort is younger than those used in many fetal origins studies, chronic
disease risk factors that have emerged by early adulthood are highly predictive of future
mortality risk (58–61). It is, therefore, an important age group to study and one where
intervention may matter most for reducing racial/ethnic disparities in premature mortality
due to hypertension.
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